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ABSTRACT 



A color picture display apparatus employs an array of 
light-emitting diodes or other light-emitting elements emit- 
ting different colors. A television signal is converted to 
monochromatic signals of the different colors, A color 
converter modifies the monochromatic signals, thereby 
changing the displayed hues to match the hues that would be 
displayed on a television screen, to compensate for ambient 
lighting conditions, or to achieve other desired effects. If 
each picture element has only a single light-emitting 
element, the modification preferably avoids unlit gaps in 
monochromatic areas of the displayed picture. 

16 Claims, 9 Drawing Sheets 
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COLOR PICTURE DISPLAY APPARATUS A further object is to avoid a grainy picture appearance. 

USING HUE MODIFICATION TO IMPROVE The invented color picture display apparatus comprises 

PICTURE QUALITY means for converting a color television signal to a plurality 

of monochromatic digital signals, means for modifying the 
5 monochromatic digital signals so as to obtain desired hues, 

BACKGROUND OF THE INVENTION and means for displaying a color picture according to the 

The present invention relates to a color picture display "^o^^^^^^ monochromatic digital signals by use of a regular 

apparatus employing an array of light-emitting elemems ^"^V l^ght-emittmg elements each emittmg light of a 

such as light-emitting diodes (LEDs). ^^^^^ corresponding to one of the monochromatic signals. 

. . , , 10 The emitted colors are, for example, red, green, and blue. 
I^D panels arc used as components or, tor example, large ^ , ... ^- 
outdoor screens on which color television pictures and other The monochromatic signals are modified by, for example, 
color pictures are displayed. A single picture element or ^ "Jf multiplicaUon operaUon usmg externally program- 
pixel may consist of a single red, green, or blue LED, or of ^^^^^ coeflicients. 

a group of three or more LEDs of these primary colors. The ^5 If the light-emitting elements are LEDs, and if the mono- 

LEDs of different colors are arranged in a regular pattern, chromatic signals are sampled at different timings, corre- 

but are not necessarily present in equal numbers. One known spending to the positions of the LEDs in the array, so that 

type of display apparatus, for example, achieves enhanced each LED constitutes a separate picture element in the 

resolution by employing a one-LED-per-pixel array with picture, then the array preferably has a comparatively large 

extra green pixels, taking advantage of the fact that the number of long-wavelength LEDs, or red LEDs. 
human visual system is most sensitive to green light. 

A problem encountered in LED-panel display apparatus is 

that the colors emitted by red, green, and blue LEDs differ [q the attached drawings: 

from the colors emitted by the red, green, and blue phos- pj^ ^ ^ ^tj^^j^ diagram of a color picture display 
phors employed in a conventional television picture tube or 25 apparatus embodying the present invention; 

cathode-ray tube (CRT). An LED panel can display a wider _ . 1 . 1 j ui i r u • ^ c 

. ^ , ' ^„ J, ^ .1 u FIG. 2 is a more detailed block diagram showing part of 

ranee ot colors than can a CRT. Consequently, when a ,.1 . ■ err- 1 

. , t , 1 - . ■ ^ 1 1 u t Ihe color converter in FIG. 1; 
standard television picture is displayed by apparatus 

employing LED panels, the picture has an unnaturally gaudy PI^. 3 is a more detailed block diagram showing the 
appearance. 30 circuits for drivmg one hght-emitting element in FIG. 1; 

Another problem is that individual LEDs, particularly FIG. 4 is a waveform diagram Hlustrating the driving of 

green LEDs, vary in their spectral emission characteristics. ^ Ught-eraitting element; 

These variations lead to erratic color rendition, which can FIG. 5 shows a variation of the circuits in FIG. 3; 

degrade picture quality fairly seriously. The variations can FIG. 6 illustrates a projection of a three-dimensional color 
be reduced by screening the LEDs and selecting LEDs with 35 coordinate system onto a two-dimensional chromaliciiy dia- 

uniforra characteristics for each primary color, but the gram; 

screening process increases the cost of the apparatus. A pjQ 7 illustrates the colors reproducible by LED and 

conceivable alternative is to compensate for the individual ^jspjay apparatus* 

LED differences bm while it is fairly easy to compensate for ^ .^^^^^^ ^j^^ ^^^^^.^^ 

luminance vanab.hty but it is generally difficul to compen- ^^^^^ 

sate for spectral variability, i.e., color vanability. ^ , . , 

^ . 1 J. 1 *i _.t. ui FIG. 9 is a block diagram of a color picture display 

In a one-LED-per-pixel display, a further problem occurs * n * *• *u - ♦ 

, , , , . , -1 r apparatus illustrating the prior art; 

due to the physical separation between pixels ot the same or -7 . . ^ . . , 

primary color. If a nearly monochromatic red or blue picture FIGS. lOA, lOB, and IOC illustrate variations of the pixel 
is displayed, for example, the picture has a grainy appear- '^^ arrangement in FIG. 1; and 

ance because of the mutual separation of the red or blue FIGS. LLA, IIB, and IIC Ulustrate driving circuits for the 

pixels. This is especially true in the above-mentioned appa- above variations, 
ratus with extra green pixels, because the red and blue pixels 

have to be widely separated to accommodate the increased DETAILED DESCRIPTION OF THE 

number of green pixels. INVENTION 

LEDs are not the only hght-emitting elements used in ^ embodiment of the invention wUl be described with 

large-screen display apparatus. A large screen can be con- reference to the attached drawings, in which like parts are 

structed from an array of CRTs, for example, in which case indicated by like reference characters, 

the light-emitting elements are phosphor dots. It would be Referring to FIG. 1, the embodiment is a color picture 

desirable to solve the problems descnbed above m a way ^ . apparatus comprising signal-processing circuitry 20 

that would be applicable to screens with any type of light- ^ ^^^^^ 31. The screen 21 comprises an m-by-n array 

emitting elements. display units 30, where m and n are positive integers that 

SUMMARY OF THE INVENTION depend on the size of the screen. display units 30 are 

60 hnked by data transmission hnes 31. Each display unit 3U 

An object of the present invention is to provide a color comprises a display control circuit 5, a power supply 10, and 

picture display apparatus having signal -processing circuitry a plurality of pixel arrays 15. Each pixel array 15 has a 

capable of generating a natural picture appearance with any matrix of red (R), green (G), and blue (B) LEDs arranged in 

type of light-emitting elements. a regular pattern, with twice as many red LEDs as green or 

Another object of the invention is to reduce the degree of 65 blue LEDs. This arrangement wUl be referred to below as an 

picture degradation caused by variations in the spectral RRGB arrangement. Each LED functions as a separate pixel 

emission characteristics of the light-emitting elements. 2 in the pixel array 15. 
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The signal -processing circuitry 20 comprises an input 
terminal 51 receiving an analog color television signal, an 
RGB decoder 52 that decodes the television signal to obtain 
red (R), green (G), and blue (B) monochromatic signals, and 
an analog-to-digitai converter (ADC) 53 that samples the 
monochromatic signals and converts them to digital signals, 
referred to below as picture data. The sampling rate depends 
on the number of pixels 2 on the screen 21. Each sample is 
converted to a certain number of bits, which are stored 
temporarily in a picture memory 54. The ADC 53 and 
picture memory 54 operate according to timing signals 
supplied by a timing generator 55, The timing generator 55 
supplies the ADC 53 with separate sampling timing signals 
for each of the three monochromatic signals R, G, and B. 
The sampling timing of each signal is matched to the 
positions of the corresponding pixels 2 in the display \mit30, 
so that in one horizontal line, the R and G signals arc 
sampled alternately, while in the next Une, the B and R 
signals are sampled alternately. 

The picture data Rd, Gd, Bd are read from the picture 
memory 54 by a novel color converter 50, which converts 
the picture data to modified picture data Rdm, Gdm, Bdm. 
The modified picture data are transferred over a picture data 
bus 56 to a plurality of buffer memories 57, together ^vilh a 
clock signal and other timing signals supplied by the timing 
generator 55. The number of buffer memories is equal to the 
number (m) of columns of display units 30; in the drawing, 
the buffer memories are identified as BMl to BMm, The 
signal-processing circuitry 20 also has a computer interface 
(I/F) 58, through which picture data can be written into the 
picture memory 54, and coeflBcient data can be written into 
the color converter 50. 

Each buffer memory 57 supplies modified picture data to 
one column of display units 30 via one data transmission line 
31. The data transfer rate on each data transmission line 31 
is lower than the data transfer rate on the picture data bus 56; 
the function of the buffer memory 57 is to convert between 
the two rates. The data transmission lines 31 also carry 
timing signals. The display control circuits 5 in the display 
units 30 use the timing signals to convert the modified 
picture data to driving signals that drive the pixel arrays 15. 
The pixels 2 emit light, forming a single picture that covers 
the entire screen 21. Each pixel is driven according to the 
red, green, or blue sample value at the corresponding point 
in the picture received at the input terminal 51 or computer 
interface terminal 58. 

FIG. 2 illustrates the internal structure of the color con- 
verter 50, showing the circuits 500 that generate the modi- 
fied red data Rdm. These circuits 500 include three registers 
ra, rb, rc that output coefficients a, b, c, respectively, a 
multiplier 501 that multiplies the red data Rd by coefficient 
a, a multiplier 502 that multiplies the green data Gd by 
coefficient b, a multiplier 503 that multiplies the blue data 
Bd by coefficient c, and adders 504, 505 that sum the outputs 
of the three multipliers 501, 502, 503 to obtain the modified 
red data Rdm. The coefficients a, b, c are written into 
registers ra, rb, rc through the computer interface 58. 

The circuits that generate the modified green data Gdm 
and modified blue data Bdm have similar configurations, 
with different coefficients (d, e, f, g, h, i). The operation 
performed by the color converter 50 can be expressed in 
matrix notation as follows. 
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FIG. 3 shows the circuits for driving one pixel 2. In the 
display control circuit 5, the pixel value Dg is latched in a 
multiple-bit latch 4 at regular intervals specified by a latch 
signal LA. In this example, the pixel data are six-bit data; 
MSB indicates the most significant bit, and LSB the least 
significant bit. A counter 3 counts pulses of a clock signal 
CKO, making one complete counting cycle per field of the 
displayed picture. In this example, the counter 3 is a six-bit 
counter, and the clock frequency is sixty-four (2**) times the 
field frequency. The latch signal LA and clock signal CKO 
are timing signals supplied from the data transmission line 
31. A comparator 1 compares the counter output Dr with the 
pixel value Dg, generating an output signal that is active 
when Dg exceeds Dr (Dg>Dr), and inactive when Dg does 
not exceed Dr (Dg^Dr). A driver 60, which was omitted in 
FIG. 1, supplies driving current to the pixel 2 when the 
output signal from the comparator 1 is active. 

FIG. 4 illustrates the driving of a pixel 2 by showing a 
waveform of the output of the comparator 1 during one field. 
The symbol Tg represents the CKO clock period. If the pixel 
value Dg is a positive integer R, the comparator output is 
active (high) for the first R clock periods of the field, having 
a duration y. As long as Dg remains unchanged, this wave- 
form is repeated in every field. The driving scheme is thus 
a pulse-width modulation (PWM) scheme providing sixty- 
four brightness levels. 

FIG. 5 shows a variation of the display control circuit Sa 
in which the pixel values Dg of all driven pixels are stored 
in a memory 40. A separate memory 40 is provided for each 
display unit 30. During each cycle of the clock signal CKO, 
the entire contents of the memory 40 are compared with the 
single count value Dr output by the counter 3, and the results 
Dp are shifted into a shift register 44. At the end of the CKO 
clock cycle, the contents of the shift register 44 are latched 
in a parallel set of latches 45, for output to the drivers 60 
during the next CKO clock cycle. Read addresses ADDR are 
generated by an address counter 46 and supplied to the 
memory 40. The address counter 46 counts cycles of a clock 
signal CKP having a frequency P times higher than the CKO 
frequency, where P is the number of pixels 2 driven by the 
display control circuit Sa. The address counter 46 is a 
modulo-P counter; a puke of the clock signal CKO is 
generated each time the address returns from (P-1) to zero. 
Because this display control circuit Sa uses the same com- 
parator 1 for all P pixels, it requires less circuitry than the 
display control circuit 5 in FIG. 3. 

Next, the operation of this picture display apparatus will 
be described. 

Before picture display begins, an external computing 
device (not shown) writes or programs coefficient values (a 
to i) in the registers of the color converter 50. The coeffi- 
cients transform picture data Rd, Gd, Bd suitable for repro- 
duction on a CRT screen to modified picture data Rdm, 
Gdm, Bdm that reproduce substantially the same colors with 
LEDs. The transformation can be illustrated geometrically 
as follows. 

FIG. 6 shows a color coordinate system defined by vectors 
X, Y, Z as in the CIE standard observer system. (QE stands 
for the Internationa] Commission on Illumination, or Com- 
mission Internationale de FEclairage.) Vectors R, G, and B 



08/23/2004, EAST Version: 1.4.1 



us 6,486,923 Bl 

5 6 

indicate the colors of light emitted by the fed, green, and The coefficient values can also be selected to compensate 

blue LEDs employed in the screen 21. The hatched triangle for ambient lighting conditions. If desired, the coefficients 

represents the gamut of reproducible colors in the plane can furthermore be altered when computer-generated 

defined by the equation graphics, supplied through the computer interface 58, arc 

^^y^^ ^ s displayed instead of a television picture. A wide variety of 

effects can be achieved. 

The curve surrounding this triangle in the same plane is A further effect of the invention is that picture degradation 

the spectrum locus. Different points on this locus indicate due to variations in LED spectral emission characteristics is 

different hues. reduced without the need for screening of the LEDs. FIG. 8 

The spectrum locus and the gamut of reproducible colors lo shows the spectral variability of LEDs and CRT phosphors 

can be projected onto the X-Y plane as indicated by the on a chromaticity diagram. Although the variabihty of all 

vertical arrows in FIG. 6 to obtain the chromaticity diagram three types of LEDs is greater than the variability of the 

shown in FIG. 7. The chromaticity coordinates are conven- corresponding CRT phosphors, the variability of green 

tionally denoted by lower-case letters x and y. The triangles LEDs is particularly large, and red LEDs have the least 

labeled LED and CRT illustrate the gamut of colors repro- 15 variability. The increased number of red LEDs in the RRGB 

ducible on an LED display screen, and the gamut of colors pixel arrangement thus has the effect of improving the 

reproducible on a CRT display screen. uniformity of color rendition. 

Ideally, the coeEBcients written in the color converter 50 For comparison, FIG. 9 shows a block diagram of a color 
effect the U-ansformation indicated by the arrows in FIG. 7, picture display apparatus lacking the color converter 50 and 
so that colors are rendered on the LED screen 20 exactly as 20 having an RGGB pixel arrangement, as found in the prior 
they would be on a CRT screen. In practice, thLs transfor- art. The same reference numerals are used as in FIG. 1, with 
mation is not quite feasible, because the colors generated by a sufBx * a' added to designate differing elements. The screen 
the red, green, and blue phosphors on CRT screens lie 21a and display units 30fl have the structure described 
slightly outside the gamut of colors reproducible on an LED above, except for the RGGB arrangement in the pixel arrays 
screen. The red, green, and blue primaries are therefore 25 15a. The signal -processing circuitry 20a has the structure 
transformed from the vertices of the LED triangle to points described above, except that the data read from the picture' 
that lie within both the LED and CRT triangles. Pure green memory 54 are supplied directly lo the buffer memories 57. 
is rendered as a mixture of green and red. Pure red is In this apparatus, the large number of green pixels exagger- 
rendered as red with a slight admixture of green. Pure blue ales the picture degradation caused by the spectral variabil- 
is rendered as blue with a slight admixture of red. 30 ity of the green LEDs. Red and blue picture areas are also 

By modifying the hues of the displayed colors, this degraded by graininess, due to the wide separation between 

transformation causes substantially the same hues to be blue and red pixels, so substantially all picture areas arc 

reproduced on the LED screen 21 as would be reproduced on degraded in one way or another. 

a CRT screen. A further consequence is that the red LEDs are The embodiment described above has one LED per pixel, 

driven when any color is reproduced, other than black. 35 but the invention can also be practiced in a color picture 

The modified picture data are supplied through the buffer display apparatus with more than one LED per pixel. FIGS, 

memories 57 to the display control circuits 5 in the display lOA, lOB, and IOC show examples of pixel arrays in which 

units 30, and the picture is displayed on the screen 21, Since each pixel 2 comprises three, four, and five LEDs, respcc- 

the sampling of the R, G, and B analog signals in the lively. Each pixel 2 comprises at least one LED of each of 

signal-processing circuitry 20 matches the separate positions 40 the three primary colors, and can generate any color obtain- 

of the red, green, and blue pixels on the screen 21, a able by a combination of the three primaries. FIGS. 11 A, 

comparatively high resolution is obtained. Moreover, since IIB, and IIC show examples of circuits for driving these 

the red LEDs are driven even when the picture is purely pixels. In these examples, the R, G, and B signals are 

green or blue, the grainy effect caused by the comparatively sampled at the same timings in the signal-processing cir- 

wide separation of the green and blue pixels 2 is avoided. cuitry 20, so a larger number of LEDs is required to achieve 

If the displayed picture has a purely green area, for a given resolution, 

example, the transformation performed by the color con- In FIGS. lOB and UB, each pixel has two green LEDs, 

verier 50 adds enough red light to fill in the spaces between but both green LEDs are driven according lo the same 

the green pixels, avoiding the appearance of discrete green modified value Gdm, so the variability of the two green 

dots. The human visual system integrates the red and green 50 LEDs lends to average out, reducing the perceived variation, 

light to perceive a shade of green similar to that perceived This differs from the prior art in FIG. 9, in which each green 

on a CRT screen. Similarly, the spaces between the blue LED is driven individually. 

pbcels in a blue picture area are filled in with a certain The invention has been described in relation to a screen 21 
amount of red light, and the spaces between the red pixels employing LEDs, but the invention can be practiced with 
in a red picture area are filled in with a certain amount of 55 other types of light-emitting elements. The same signal- 
green light, avoiding graininess in both. cases. processing circuitry 20 can be used with any type of screen, 
As a variation of the operation described above, the because the color converter 50 can be externally pro- 
coefficient values (a lo i) written into the color converter 50 grammcd with coefi&cients that compensate for the spectral 
can be selected to optimize the overall quality of the picture, characteristics of any type of light-emitting elements, 
balancing the factors of graininess, resolution, and accurate 60 Even if the screen comprises an array of CRTs, the color 
color rendition. In particular, the coefficients can be chosen converter 50 is still useful in compensating for ambient 
so that every color is rendered as a mixture of all three conditions and achieving special effects, 
primary colors. Then all pixels are always driven, and no If the apparatus is always used under similar conditions 
black gaps are left in the picture, except when black is and special effects are not needed, then the coefficients can 
displayed intentionally. Although the displayed colors are 65 be stored permanently in the color converter 50, instead of 
altered somewhat, a striking improvement in picture quality being externally programmed through the computer inter- 
can be obtained in this way. face 58. 
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Depending on the type of LEDs or other light-emitting positions of the individual light-emitting elements in said 

elements employed, the RRGB pattern shown in FIG. 1 can display means. 

be modified to another pattern in which less variable, 5. The color picture display apparatus of claim 4, wherein 

longer-wavelength light-emitting elements are more numcr- said light-emitting elements are light-emitting diodes, 
ous than more-variable, shorter- wavelength light-emitting s 6. The color picture display apparatus of claim 5, wherein 

elements ^^^^ different colors are red, green, and blue, said display 

As described above, the invention provides a color picture ^^^^^ ^^^^"g n^o^e Ught-emitting diodes emitting red light 

display apparatus with highly flexible signal-processing light-emitting diodes emitting green Ught and more 

circuitry, capable of good color rendition under any bght-emittmg diodes emitUng red hght than hght-emittin 

conditions, with a screen having any type of light-emitting lO ^lod^^ emitUng blue light. f i • i ^ • 

, * * • u • u u ■ 1 if 1 7. rhe color picture display apparatus of claim 1, wherein 

elements In an apparatus in which each pixel has only one .^bstantially all red light-^mittinl elements are driven when 

hght-emitting element and the different color signals are ^^^^^ ^ reproduced, other than black, 

sampled at different timings, matching the posiUons of ^ ^^^j. pj^j^^ ^^^pj^y apparatus of claim 1, wherein 

pixels of corresponding colors on the screen, the invention ^^^^ ^^^^ of said light-emitting elements is controlled 
improves the perceived picture quality by rendering all 15 according to picture data sampled at a different timing, 

colors as combinations of light from light-emitting elements 9 ^ ^lethod of displaying a color picture, comprising the 

of at least two different colors, thereby reducing picture g^^pg qJ. 

noise and avoiding a grainy appearance. . (a) converting a color television signal to a plurality of 

In an apparatus employing LEDs, the mvenUon further monochromatic digital signals representing different 

improves the perceived picture quahty by employing a 20 colors' 

larger number of longer-wavelength LEDs. specifically red ^ converting said monochromatic digital signals to 

LEDs, which are less variable m their spectral characteristics j c j u *• j- 1 • 1 

,L L . 1 T r-r-» j.L J modified monochromatic digital signals representing 

than shorter-wavelength LEDs, and thus provide more accu- desired hues* and » & 

Seve'r°al varialiolls of the above embodiment have already 25 controlling a regular array of light-emitting elements 

been described, but those skilled in the art will recognize according to said modified monochromatic digital 

that still further variations are possible within the scope ^^f °f hght-emUUng elements emit- 

claimed below ^^^^ ^ different colors, wherem substantially 

, . 1 . . all said light-emitting elements emitting one color emit 

What is claimed is: i t . 

L A color picture display apparatus, comprising: 30 »^ reproduced other than 

^. f J ff , black, wherein a comparatively large number of hght- 

first conversion means converting a color television signal ^^-^^^ ^^^^^^^ ^mit comparatively long-wavelength 

to a plurality of monochromatic digital signals repre- j-gj^^ 

scnting different colors; ^^^^^1^^^ of claim 9, wherein said step (b) performs 

second conversion means coupled to said first conversion a matrix multiplication operation on said monochromatic 

means, converting said monochromatic digital signals digital signals. 

to modified monochromatic digital signals representing u. The method of claim 9, wherein said step (b) uses 
desired hues; and externally programmable coefficients, 
display means coupled to said second conversion means, 12. The method of claim 9, wherein said monochromatic 
displaying a color picmre according to said modified digital signals are sampled in said step (a) at different 
monochromatic digital signals, said display -means timings, corresponding to positions of the individual light- 
having a plurality of light-emitting elements disposed emitting elements in said regular array, 
in a regular array, each one of said light-emitting 13. The method of claim 12, wherein said light-emitting 
elements emitting one of said different colors, wherein elements are light-emitting diodes. 

substantially all said light-emitting elements emitting 14. The method of claim 13, wherein said different colors 

one color emit said color when any color is reproduced, are red, green, and blue, said regular array having more 

other than black, wherein a comparatively large num- light-emitting diodes emitting red light than light-emitting 

ber of said light-emitting elements emit comparatively diodes emitting green light, and more light -emitting diodes 

long-wavelength light. emitting red light than light-emitting diodes emitting blue 

2. The color picture display apparatus of claim 1, wherein light. 

said second conversion means performs a matrix multipli- 15. The method of claim 9, wherein substantially all red 

cation operation on said monochromatic digital signals. light-emitting elements are driven when any color is 

3. The color picture display apparatus of claim 1, wherein reproduced, other than black. 

said second conversion means operates according to exter- 16. The method of claim 9, wherein said each one of said 

nally programmable coefficients. light-emitting elements is controlled according to picture 

4. The color picture display apparatus of claim 1, wherein data sampled at a different timing, 
said monochromatic digital signals are sampled in said first 

conversion means at different timings, corresponding to ' ♦ ♦ * * ♦ 
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